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EATSFRYPREEFSELERR

e F RN EIAFEEH T B TR
BRTRASERMNEERFRNELRE  RR 430079

i E HN: ASTEEHTRERZEMNESRUERZIAZTAERY, FTRERERAAFTF
BROREHNE. HiE: TRV EOEEMRBRBIKELR (single cell gel electrophoresis, SCGE); 4 At
BER,; BEEAWE{LEE (superoxide dismutase, SOD) ¥EHELL ., AT EHELHIIRASEFENEY
BMRL, RMNEFAFRAT “HELHA” 1 “HRARE” R, RiIFMERTHESHBRLE
REER. 425410 MARAAETENREBUHELFE=XSTIIE. B—ARARSBIS
5, P I 3 T ok e 0, R R AT R B 28R R D SRELIL X DNA 4 FRIE B, R 8 BRI E S#F,
H S| DNA AR # /% DNA Wi i f DNA-DNA, DNA-BRE R4 7B B=HRFEE
HERAVEIF, X DNA 4+ F oA, Flmdekh SOD BaMsR, FRahEMNHRAD, @
#5|i#8 DNA 4 F RS H45 .

XiRim PR RMEENE SATARE HFTARERPEHFEE SCGE MEZLE SOD

SETER—MERTHITENZAZTSERY. WRBEEEPOZEAZEY, &
& 67% ~ A% FEB NI AZFEMBE, HEATSFEOREBIRE (25K T
ERAE) R (BEESPREOTERE) B GRAEES 14 0.12mg/m’ #1 0.08mg/m*),
e, FHEERKFEHERAE D AEFEN 3~101F. EAFRELANFERERFERT
HEHRANERMTHRAFR ., R, ME%E UEAEATEFFENRE. [SEFES
R ANGRETUERTENESE, i, 5 “FTREFRVEG A" (sick building
syndrome, SBS), &R ITH & & RN, KPEBRABKREATFE (>3.7mg/m’) HKEE, &
T -5 50 R 0 R ) R A

ATEHEANHRASFRERABNBELRS, FLREHELPIFERES #HAL
BshESE, RERREESNRYT, EFRT —RIPHXHAR. HRNLERBIEA
AT R KEMFE, HEFEAETRESN T EXBEH+IREBEEHE “ER
FRERGRYEREFFNHATR” (W HHS:2001BA704B01), HALRELIRR
KEFENFEFEHEENR,

SEFBNAGCEENEETESE=A7E: FRTRE. BEKMIERERHEEK
M, SlENSRERMEMSEMERE; R TIER AR ST, sIEKETHR
B (ERFR “EBERRAM”), Bl f RO SEER; FERHTARBEY R DNA, 5/
BEENE. ALRFFEFER MBI TX=THOHREE. EXXP, BRIAOEERD
ZEMM, AXRASTREREEENSS LR RETRIE.

1 #FnaEE
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FANERITERSEER S ™, mRwT.
1.l RERBEBNSE

HTEHELHFRISHRY ASRENEE, RIVEMRHRAT HELHS
RN WER ATRBENPERSE RIMTRENEISHRRAERARE
PR TR &, TR R BB . SRR RA] B % I b SRR
BRI RAMRERE, RIIRAVEELIEZREN XNASRERIRERR,
7S A M R B B M 5 SR P . SPITBOR B, 1RIE T HATTRHR
BSEENE. RINRAMDHSSAERLERELELE L.

B S ARRRE/ REXE

12 SEHE SRS

AT i 2 00 R AR PR B AR TR SRR o, B0 B R (43 8159 0. 00, 1.24
13,71 mg/m’ (FA24F 0, 1, 3 ppm). AI{NIEHEEFELE 4160 B P (JLE 1
LEEAE), MBAEELRT, WEEROBREHMEIESNIT. AR ABR
RS ERRENNE, TURENRASEHARRMERE, KRHARREPRKE
ACFH RS, KARAGRESEE/NUE S RANET 3 /0, FRBREKTEREZ
AR L 2, DML R B BN .
13 ERAE. MEIRE

LW EEE Rapsirai, @esssnt Y geysikmsiErsn,
B R I S AR R RO B R B SR B 2 B RTINS M R (S B E B T, RELY
BALBBE TS TR R ESRE SRS FULE, SR e S fREAMLKER
B (RO MR ), KER (Wistar &%, HE, (KF 400-500g, #IILE BRssEhY)
TR ORM) IR, ER (SPFRBEMRE/NR, #M, (K& 20-25g, HItEpEs
HYMER P LR WEEEES AR, . L. BF. BEMSEE, £ (4
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HRMETFRBRL, ARAEGREEESREITEM) HRME. TRWMEEE. Amk
E £ M N K 3 RUFR 4 B B4 BRI A v DK SR B, /NS R B B B 5 M 4T 4 R 3 T AR
MR EE, NEaRm. . 0. iF. BN8ELYBAEEE S,
L4 ZitaHn

FZF Excel BK{4-HiME, SigmaPlot 3.2 S{EHAT t 1.

2 SR |
AREBMERBEEMAIECHIRED", &0sE X REEnT.
2.1 A3 4R AEFNK 3 BRAT 40 A i 52 4 AL SR AR el Sk SR8
R A BB B TSRS, BRSERTE 37C, REFRYE
45h, SKBLSUAREER, PEEETEM 1h, FEEKEDS 1.24 mg/o’ #3.71 ng/n’. BEEKLZ
A AT RSk, SR BkaE B 3R 1 sk 2.

1 KERF4ML SCGE ikt R

He 4 IR B (pn)

#]

R 0= 4 Tl B e BRE® T4
FRHE % ER 100 10 10 S.6%1.7
1. 24mg/m’ 100 34 3484 17326, 3us
3. 71mg/m’ 100 15 1544 10,23, s

SEAMER ML, 0 xR, p<0.01; **. 14985, p<0.0l.

®2 AW ELEEE SCGE LR

RSN B (pm

4|

AR 4 TR 40 fa B ®E EAE® Y+5S
FAtE R 100 9 9 11.0£2. 6
1. 24mg/o’ 100 37 374 # 21,546 3en
3, Tlmg/m' 100 18 1844 13,843 2«

SHtERLR, #4: x /K, p<00l; *: v, p<0.05; **: (§E, p<0.01,

MR 1R 2 FAILLEL: ERHKET, KRFARMAMEAHESETNEENS,
KM DNA BZ 2. SEMEXBEMAL, KRN EEHER. EE
3.71mg/m' IR, HAMEEEMEK KT 1.24ng /0 IELANMIE/S>. BiE, X
FREL G AT DA B EE AT LA B {E DNA & A AT BRI VE F 18 5 il e .

2.2 MR BERENE RO MR RIE

1S R/NR, FEHLAY 0 3 4 (PEEAEBEMNMEE ), S4H 5 B/ R, THRRABA
HE, REBATE 8. 4L BIERBE PSS 20, LENHFSOPEKE S 1. 24ng/0’
F13.7Img/m', HSOSFRE R 23C. HRSEH: 60 (L/h) /8.4 (L) =7.14 (3K/h).
SEHE, AT LLE B ROk, 3 BA hE R LA PR A 2T BB EE S A,

BRI S000 MEZ RO, MEESEMELEL LMY, BERY TS
BRF, N EZROAERPEAF IR B, (PR AMOEEETH,. ARNE®E
R AR MR 3.
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#3 WEREASAERFEENFETS ROHERBEE (%)

4L Fal FA N RAVE MR (%) FHE PRiERE
FAPE AT BE 4 5 1. 82 2.05 1.75 2.24 2.08 1,965 0.224
1. 24mg/m’ 5 3.00 3.04 2.84 2.82 3.18 2.925¢¢ 0.111
3. Tlmg/n’ 5 6. 32 6. 01 6.25 7.03 6.18 6. 380%¢ 0.447

S EEEE, e K, p<0. 01,

A IFLLES, REHNHEAMZRASSTHAEYRE, itERE, £3F
WEZE L, YBATE 1.24mg/m’ F1 3.71mg/m’ BREDKF T, FEEXMMEINYAAEE DN E
2 B HRESYE. FRt, 78371 ng/o WE THUEELL 1.24 ng/o’ B BEBRFAS,
B8/ R IEMX.

2.3 EERRMMMBALER

] Z A RESE (1.24mgm’, 3.71mg/m’ F) JBA 8.4L Yeifl (iR 23C, #
S 714 K/h), BEREFESNET (REPVERKE 1.5-2cm) WikH 24h; [H
P BB 4H 7 T AR 2mg /L ERBERERE AR BV SR ILT, AR T HBEB AL
FEIAT (20CEA ) 4RI 4h 1 24h; SEMBAEFTHSPRUE 24h, LR ZA
=R ABEHEBERGKPREIEFR 24h. NBETHRRTUHY T lem KR, A
Carnoy’s BEMERE 24h, REHEA T0%H ZBEER P, BIE 4 CHRIKBEPRF. Hal
ME=FNER, FRANEERE, PHEESRSHERARRETRM, #1TH®
WAL N R R REFMRS. '

#4 FHETRLMMEERLTHHE

FMEFTREMMENHBETTE () @;ﬁ;g
(X £8)

o

1 2 3 4 5 6 7 8 9 10 11 12
[ 3 BE AR 089 111 14! 1582 120 138 157 165 1.16 124 148 193 1.41£0305

I 2dmg/w’ 201 251 248 248 351 354 336 277 327 318 354 304 297:0512
3.7mg/m 658 563 462 575 491 445 583 420 505 545 410 393 5040819
BREERTBUL | 495 329 381 507 443 410 358 442 342 316 315 304 38720714
EPERTEEML2 482 504 491 471 530 397 532 468 494 380 - - 47620512

i BERCHIEE®E (MON) = ( B R A 40 I By A L S 4l IRLE.450) <1000 %e
YeBEH VS PR RIRAL p<0. 01; PATETHIAL | OERBERIRALIE 4h 41; PR BR4E 2 IR AL 2 24h 4,

W4 FTULE S, LEAOMRMMZERDE THESBE, SiERn, 508
BEESE Y, HIHE 1.24ng/n' 0 3.7 mg/n BHKREKFET, RiAEEDETHREAREE
DNA 345, HHBESMESE, HEWHAMYESNRKYME DN B4 0 BRRE
. RS, 75371 ng/o RETAUZEN 1.24 ng/n B R EHAR, 2 REFMEMEX
.Ea
2.4 BB, . 0. BF. 5 Sop EgiETESRE

YR AR S T A I R — e E s (L 2.2), REBLREMIALIE,
TEIEEE. L. BB BF. B% S MESRE, EKAREEIKREEHFITE, AIE
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SRBIERH 1.17 % KC ) 0.1mol/L BEERB W (pH7.4) shkiss, SRHEEL 2
Y45 1t I8 E7E 4°CF 10000 r/min 7L 20min, HR_ETEH, W EIKT 4°C kit S I,
SOD i#M#l|5E 5 8 Dhindsa R S 9775 (NBT i) #47%, EEHHE: (ACK—A,)
xV1/ (ACKx50%xVoxM ), ACK Jo3i BEFHIBILEE, Ao RS RFMMBEE, VI K
FLER, Vo AMAREEFHEBREER, MABEREE.

x5 NRRAREXREEASSE 0D MEAEME (T £5)

HeBE
5
[} L fifi i1 g
[F e e BR 4R 1.5720.08 1.98 + 0. 06 2.06+0.05 1.48£0. 07 1.500. 08
1.2 ¢ mg/n’ 1.50 % 0. 06 1.98 0. 06 2.02+0.05 1.27 0,147 1.41 0. 09
3.71 mg/w’ 1.57£0.06 1.95£0. 05 1.93%0. 06 0.86+0.07 1.33£ 0. 06"

{E: SHMEML, £ 48, % p<0.05, **: p<0.01, *** p<0.001; FPBFED 5 FRIE + sriEE, 50D
B L, U/mg O RER.

RS BHTHBRBRAWNEBHGRE/NDRAFRHLEE SOD BIEEEEPIRER. M
KPR, WF1.24 mg/n’ TiE, FXLSHSE (K. 0. . F.O5), REFESH
SOD A& AR THE (p<0.01); MZE 3. 71 mg/o’ B9SZER, AF. '%. 89 SOD FEH:#84 BH
TR (p<0.001, p<0.01, p<0.05), SEHEHEAFIHA SODFEHELHEE, ERLBERR
%,

3 i3k
31 ERASTHBSRNERHE

= BREREENREENFEZTATISRY, W KA REERER THEKN
feE. EFASTSHREBSRAOTERES: (1) BSRERS, AP EERENIL
ZHFE, HERFRARAKRAERM FREMIENEE, MRBMEEHFRSREER
BB BB — R B, AR T A B I 7R P I R A R AR BN BT 7 A ) R SR BT LA RR A 3K
BRENTN. () FREEK, TUREREZA. XRENRERENEBE—IK
WAREWHIRE., BAHXBREX —FEd Rk W EY, Q) ShkES: B8
RENRESIRNFIES SRS, s, —PE. LN &, B, ng, #
R (975 YK T4 AT AR IA 0.1-4mg/m’, X RERIVR BE K S R BT i 4 T L4t 28 415 e ok
F, AREESTHEMELEENLESY (VOC) MEE. FMEMLE, Eihisiiip
DR, (4) @A"Y %% E B T D42 (American conference of
governmental industrial hygienists, ACGIH ) fll iE f 4k 2 ) 5t A4 PR (& ( threshold limit values,
TLVs), L =MEMBUBESRA 5 2 Al, HEIEEAAKBUEY (confirmed human
carcinogen ); A2, AJEERYANZEBUEY (suspected human carcinogen ); A3, £ZiFEMI I
%) ( confirmed animal carcinogen ); A4, £33 8 T A EUEH ( not classifiable as a human
carcinogen ); A5, JEAZEEUEY (not suspected as a human carcinogen ), i FBEEE T A2
L&Y, HTLV XN 0.37mg/n’, REAHAEMEBHRK. 5) BEEMANS FIERFEE:
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KERESAN X — BRI, ERENSAEE R, BRTOT P ERR S
RS FIEBERA N TR, MHENSSTRBLANLEEEMRREE, fln: FER
AT EEREY ARENIRIET. SRR AR, TSI ERRERADEEEES,
HEEAERNS FIEREE. BT LRE, ROV EAST RS ROFEEHR
3T, R EA TEEALRN 4R EEEER R TR P 0 —TURE THE,

32 SAEBEEEEESRAERNEEER

BEBHESSTRMAGEROTIEREZ—., EETUIEBRRE (threshold
limit values, TLVs ) %137 s FUKIBAI R SR (UEEE “RI#” 5 “BAE” (imritation, cancer)
05 FRiEEEETARENEERR, FRAOSPEMRESERLSTIEYTH
s AEBMREEEAEEE L, BILEHOME, ARBNEEFEESR:

(1) FRERTRA 0 S IR I PR K L I A B I 45 5, ATLAE - 1.24 01 3.7 Img/m’
(1-3 ppm ) WEBEK a7 R bR A YD, BIINEE S, MRELEY, BI/hE R, RAR;
FA L I % AL — AR B, X S AL ATR R R —

() AR B 4 R R S W O AT 4 R, RIS T R — b DNA SZERAL,
5 R LE I — B, ROTMPIRE LR, EREHEYN hM&GT, 1.24mgm’
R RE K TS B R AT T BUFF RGO LR B S B EERIUN{E DNA 55 FHIM
2. 371 mgm’ H K TS PR R B E BRI 0 DNA 4 FH!.  REX
i, DNA 4F FacBtf14E DNA-E S MZCHM DNA-DNA 2Bk FEEFTE(R) DNA-
AR, HAt e T OB AR S DNA (OB (A; FEEFTEE DNA-DNA
B, ALY, B G-C. A-A. A-G. A-C f G-C ZZBk. DNA-EH FEIHKYA
LIV A TFARes, A PRl

(3) BRI R K A R L /A B AA S R E B AL AL AR v
TR RIS, EHAATBAREERECFE=EA TR LR
T4 200 e 5 (T B 0 ok e £ B s iR 48 TR R R B 3R AL XS DNA 2 FRUE
s, B 8 BraEai, EHEse DNA BERANEBMR DNA KRG
DNA-DNA, DNA-E £ 4 F08t, 2 =28 PE/E AEAMHN, 3 DNA 5F#9E &K
fHfE.  BINFRIIM IR KB, FESEATLAE S SOD BRRMHIA, (HIERNEEmE
KT, HAHLNERT S, EASPOSENE, EESEHDNA S FHRALRE
5|42 DNA B2, XERIN—FHEHR.

Bt ATFSER H R BHEBCLTE %N (2001BAT04B01 ), LRI EIR A £ ) OB
HEFT 5 iR R B X A PR AR (E T A ST,

2 ¥ 3 W
(1] %EH. M. ®FAK HOKEATSRFENEM], BRFHERY & FBHIRER S,
FRFESHEE, PHREERELRE, JLat, 2002: 47-51
2] % . 48 BE. 5. 128 REATEPBREKCTM], ERIFERT R EEIRER S,
FERFESERE, PEHFERFLMRE, Jbx, 2002: 47-51
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Studies on the Gonoto Xicity of Indoor Air Formaldehyde

Yang Xu. Li Rui, Liu Jie, Wang Guangxue. Lu Zhisong, Yan Yan. Qiao Yan
Lab. of Environmental Science, College of Life Science. Central China Normal University, Wuhan 430079

Abstract  Objective: To understand more about genotoxicity of indoor air formaldehyde. Methods: Bio-markers
are single cell gel electrophoresis (SCGE). cellular micro-nucleolus assay and organic superoxide dismutase
(SOD): emulation mode were used for making "indoor air formaldehvde” and for subjects’ exposure. Result: the
genotoxicity of gaseous formaldehyde at 3 mg/m” on cells is very clear. Discussion: Three possible molecular
mechanisms on the genatoxicity are discussed in this paper.

Keywords formaldehyde. genotoxicity. 1AQ. emulation mode for subject exposure. SCGE. cellular

micro-nucleolus assav. SOD
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